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(54) Rejuvenation of an exhaust gas 
particulate filter 

(57) Combustible particulate matter is 
separated from a diesel exhaust gas 
stream In a filter bed 19 having an 
oxidation catalyst either on the bed 
material or in a pre-filter bed 19a dis- 
posed upstream of said bed 19. 

A control means 36 actuates injection 
metering apparatus 31 at spaced time 
intervals, e.g. at predetermined inter- 
vals or at predetermined temperatures 
of the exhaust gas, to inject an amount 
of combustible fluid into said pre-filter 
bed 19a to bum away the accumulated 
matter from both beds. This fuel may be 
diesel fuel or propane. 




The drawing originally filed was Informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Method for cyclic rejuvenation of an exhaust gas 
particulate filter, and apparatus 

5 

With any internal combustion engine it is desirable 
to treat the exhaust gases so that they can be safely 
discharged into the atmosphere. In some engines, 
particularly of the diesel type, among the most 
10 prevalent operating problems is the presence of 
particulates which are carried in the exhaust gas 
stream. 

Primarily, the particulates are normally bits of 
carbon. They resultfrom the incomplete combustion 

15 of the hydrocarbon fuel under certain engine operat- 
ing conditions. However, the operating efficiency of 
the engine is also a contributing factor to the amount 
of carbon produced. 
The presence of relatively large amounts of carbon 

20 particles in any exhaust gas stream may be evi- 
denced by a darlc, smoky, undesirable effluent. Such 
smoke is not only offensive aesthetically; in large 
quantities it can be unhealthy. 
Means have been provided and are known to the 

25 prior art, for the elimination or minimization of the 
particulate content in exhaust discharge streams. 
However, it has been found that while the particu- 
lates can be eliminated by a suitable filter of proper 
construction, eventually the latter can become satu- 

30 rated and/br inoperable due to excessive particulate 
accumulations. 

It is further known that the overall engine exhaust 
gas treating process can be expedited. This Is 
achieved not only by passing the hot gas stream 

35 through a filter medium, but by providing the filter 
with a catalyst which will promote combustion of the 
retained particles. 

It should be appreciated that the generation of 
carbon particles is prevalent under all diesel engine 

40 operating conditions. It is further appreciated that 
the quantity and quality of an exhaust gas stream 
created in any internal combustion engine will vary 
in accordance with the operating characteristics of 
the engine, 

45 For example, the temperature range experienced 
by the diesel exhaust gas stream can vary between 
slightly above ambient air temperature, and temper- 
atures in excess of 650°C. When the exhaust gas is 
hot enough, the carbon particles trapped in a filter 

50 will be combusted. However, the engine operating 
condition where this rejuvenation can occur is 
seldom reached in diesel passenger cars. 

Where it is found that an engine continuously 
operates under such circumstances that the particu- 

55 lates are continuously produced and accumulated in 
the filter, the particulate trapping filter bed must be 
occasionally rejuvenated. 

Under usual circumstances, rejuvenation will con- 
sist of merely introducing the hot exhaust gas 

60 stream, containing sufficient oxygen, into the filter- 
bed to contact and Ignite or incinerate the retained 
carbon particles. The combustion of any large and 
contained carbon accumulation can, however, pro- 
duce temperatures greatly in excess of that of the 

65 exhaust gas. The result is that at such excessive 



temperatures, the filter bed or element is susceptible 
to thermal shock, damage or distortion. 

Toward achieving a satisfactory or limited rate of 
carbon removal from an exhaust gas system without 

70 incurring resulting damage to the filter, the unit 
presently disclosed is provided. The instant system 
thus comprises in brief, the reaction chamber or 
section which contains a catalyst bed through which 
at least a portion of the exhaust gas stream is 

75 passed. This catalyst segment can be incorporated 
within the particulate trapping bed, or it can precede 
it 

To assure that the main or primary filter bed or 
beds always remain functional, the exhaust gas 

80 stream is periodically and regularly heated to a 

temperature in excess of the temperature required to 
initiate combustion of retained particles. 

Physically,Jthe heating step is achiev e d by adding 
a desired amount of a flammable tluicldirjc^^ 

85 the exhaust gas sireui 1 1. Tl lis ruelThTxeswrth the 
diesel exhaustrwhrch has excess oxygen. When the 
mixture contacts the catalyst, an exotherm will occur 
and raise the temperature of the exhaust gas stream 
at least to the combustion temperature of the carbon 

90 particles which are retained in the main filter bed. 
The main filter bed will thus be regularly and at 
periodic intervals rejuvenated. Such treatment, if 
repeated at predetermined inervals will preclude any 
carbon accumulation which might otherwise lead to 

95 thermal stress or damage to the bed at such time as 
the accumulation is combusted. 

It is therefore an object of the invention to provide 
a filter of the type disclosed which is capable of 
containing combustible particulates from an exhaust 

100 gas stream, and subsequently being periodically 
rejuvenated by burning said particulates. 

A further object is to provide a paticulate filter of 
the type disclosed which Is capable of removing 
solid elements from an exhaust gas stream while 

105 permitting periodic rejuvenation of the filter ele- 
ment. The rejuvenation can be accomplished while 
the engine is operating at conditions that would 
normally not result in exhaust gas temperatures 
sufficient to accomplish the task. 

110 A still further object is to provide an exhaust gas 
treating unit which is capable of removing particu- 
lates from an exhaust gas stream without jeopardiz- 
ing the integrity of the filter bed by subjecting the 
latter to thermal shock or damage. 

115 Figure 1 illustrates a diesel engine of the type 
contemplated with which the present filter cooper- 
ates. 

Figure 2 is an enlarged view in cross-section, of 
the filter element shown of Figure 1. 

1 20 To facilitate the present description, the internal 
combustion engine 10 or source of exhaust gas, will 
be considered to be of the diesel type. In the latter, 
air is sequentially introduced to the various combus- 
tion chambers, from an air filter 11, byway of 

125 manifold 12. Fuel is therefore injected into each 

combustion chamberfromafuel pump 13 by way of 
an engine control linkage 14. 

The hot exhaust gas stream is carried from 
exhaust manifold 16 and conducted through an 

130 exhaust pipe 18to a smoke filter 17. Although a 



2 



GB 2 064 983 A 



2 



sound absorbing muffler could be inserted into the 
exhaust pipe, such an element is not essential to the 
instant system. 
The exhaust gas stream subsequent to leaving 
5 exhaust manifold 16, will be at a temperature within 
the range of about 90° to 650°C. The precise tempera- 
ture will depend on the operating conditions of the 
engine. For example, at low and idle speeds, the 
exhaust gas will be relatively cool or only slightly 

10 heated. Consequently, as the exhaust gas stream 
enters filter 17, the particulates carried in the stream 
will be retained along the many diverse passages 
within the filter bed 19. 
While the exhaust gas is comprised primarily of a 

15 combination of gases, it normally embodies suffi- 
cient oxygen content to support at least a limited 
degree of combustion within the stream itself. 

Filter 17 comprises in essence an elongated metal- 
lic casing 21 having opposed end walls 22 and 23 

20 which define an internal reaction chamber 24 there- 
between. The latter chamber is occupied to a large 
extent by at least one bed 1 9 formed of material 
particularly adapted to provide a plurality of irregu- 
lar passages. 

25 The functon of this bed, or similar beds which 
supplement it, is to define a series of passages along 
which the gas will pass. During such passage, the 
particulate matter carried on the stream will be 
retained along the various passage walls. 

30 In one embodiment, bed 1 9 can be formed of a 
metallic mesh-like mass such as steel wool or the 
like which is shaped to substantially fill the filter 
reaction chamber. 
Bed 19 can be optionally supported at its upstream 

35 and downstream ends by perforate panels 26 and 27 
or other similar transverse members. The latter are 
carried on the casing 21 wall to support the one or 
more beds therein. 
The filter upstream wall 23 is provided with inlet 

40 port 28 for introducing gas to the upstream side of 
the bed 19. In a similar manner the downstream 
panel 26 is communicated with an outlet port 29 to 
carry away gases which leave the bed. 
To best achieve the filtering action on the exhaust 

45 gas stream, filter bed 19 can be comprised as noted 
of a suitable medium which is capable of retaining 
the solid particles from the stream. However, to 
facilitate subsequent combustion of the retained 
particles, the filter medium can be provided on its 

50 surface with a suitable catalyst of the type which will 
promote oxidation of fuel and the combustible 
particles. 

When filter bed 19 is utilized without the benefit of 
a catalyst, in accordance with the present invention, 

55 the forward or upstream and thereof is provided 
with a pretrea tlng segment 19a._/ The latter includes a 
catalyst material which will be capable of producing 
the desired oxidation of fuel and the particles 46 This 
pre -filtering chamber 19a can be physically a partoY 

60 tfjeTfltiir bed 19, or it can be a discrete snqnr^ nt 

tfisrepf. 1 " 

The pre-filter segment 19a can for example be 
positioned in the forward portion of the casing 21 
whereby to contact incoming exhaust gas as soon as 
65 the latter enters the filter casing. 



Toward achieving the present preheating of the 
exhaust gas stream, an injection system is provided 
which embodies primarily a source of a combusible 
fuel together with means for inserting a measured 
70 amount of said fuel into the heated exhaust gas 
stream. Said fuel source can be either in liquid or 
gaseous form to achieve the desired preheating 
function. 

The supplementary fuel source can, as presentl y 

75 sho wn, as diesel fuel utilized for p nwarmf i »nt^rnaf 
combustion engine 10 . Alternatively it can be a 
compressed gas such as propane or the like which is 
carried for the express purpose of injection into the 
pre-filtering chamber. In brief, the supplementary 

80 fuel can be any of a number of known volatile 
substances, hydrocarbon or otherwise, which are 
capable of reacting in the catalyst chamber. 

The injection system thus is provided with a pump 
31, or other suitable metering means, having the 

85 inlet side 32 thereof connected to the fuel pump 13. 
The pump 13 in turn is communicated with an 
injector 33 which can be provided with one or more 
nozzles 37 disposed at the forward end of the 
catalyst-containing pre-filtering chamber 34. 

90 As pump 31 is periodically actuated by the injector 
control means 36, a measured amount of the 
combustible fluidized fuel will be passed directly into 
the pre-filtering chamber 34 wherein it will be ignited 
by contact with the heated exhaust gas in the 

95 presence of the oxidizing catalyst. 

To achieve the periodic exhaust gas heating step, 
pump 31 control system 36 is designed particularly 
to actuate the pump a t_regular preset periods of 
time. T hese intervals can be determined on the basis 
100 of the mileage the engine has logged or on the actual 
time the engine has run. Further act uatio n can he a 
fu nctio n of the tempera ture within the filter ele ment 
In aHyThStance, the purpose orthe Injection timing is 
such that the carbon will be periodically incinerated 
105 from the filter regardless of engine operating condi- 
tions. The spacing of the intervals is such as to avoid 
any excess accumulation of carbon even under the 
worst engine operating conditions. 
Other modifications and variations of the inven- 
110 tion as hereinbefore set forth can be made without 
departing from the spirit and scope thereof, and 
therefore, only such limitations should be imposed 
as are indicated in the appended claims. 

115 CLAIMS 

1. Apparatus for treating a hot exhaust gas 
stream carrying combustible particulate matter, 
comprising at least one filter element 17 having a 

120 reaction chamber 24 with an inlet port 28 communi- 
cating with a source 18 of exhaust gas, and a main 
filter bed 19 positioned in said reaction chamber 24, 
which comprises 
a pre-filter bed 19a disposed upstream of said 

125 main bed 19, and containing a catalytic filtering 
medium, 

an injection metering apparatus 31 having an inlet 
32 communicating with a source of a combustible 
fluid, and having a discharge port 33 communicating 
130 with said pre-filter bed 1 9a, and 



Injection control means 36 controllably connected 
to said injection metering apparatus 31 and operable 
to actuate the latter at spaced time Intervals to inject 
an amount of combustible fluid into said pre-filter 

5 bed 19a. 

2. Apparatus as claimed in Claim 1 , wherein the 
pre-filtering bed is integral with the main filter bed. 

3. Apparatus as claimed in Claim 1, wherein the 
pre-filter bed is contiguous with the main filter bed. 

10 4. Apparatus as claimed in any of Claims 1 to 3 
wherein the metering means inlet communicates 
with a source of liquid fuel. 

5. Apparatus as claimed in any of Claims 1 to 3 
wherein the metering means communicates with a 

15 source of a pressurized gas. 

6. Apparatus as claimed in any of Claims 1 to 5 
wherein the injection control means includes a timer 
operable to actuate the injection metering means at 
predetermined time intervals. 

20 7. Apparatus as claimed in any of Claims! to 5 
wherein the injection control means is operable to 
actuate the injection metering means at predeter- 
mined exhaust gas stream temperatures. 

8. A method for removing combustible particu- 
25 late matter from a stream of exhaust gas which 

comprises, 

passing said exhaust gas stream into a filter bed to 
retain at least a portion of said particulate matter 
within the bed, 

30 periodically heating at least a portion of said 
exhaust gas prior to its entering said bed, to a 
temperature in excess of the ignition temperature of 
said retained combustible particulates, 
and passing said heated exhaust gas into contact 

35 with said particu late-retaining filter to combust said 
retained particulates. 

9. A method as claimed in Claim 8, wherein the 
gas is heated by injecting a combustible fuel into the 
exhaust gas stream before it enters the filter bed. 

40 10. A method as claimed in Claim 9, wherein the 
combustible fuel is a liquid fuel. 

11. A method as claimed in Claim 10, wherein 
the liquid fuel is diesei fuel. 

12. A method as claimed in Claim 9, wherein the 
45 combustible fuel is a gaseous fuel. 

13. A method as claimed in Claim 12, wherein 
the gaseous fuel is propane. 

14. Apparatus as claimed in Claim 1 and substan- 
tially as hereinbefore described with reference to 

50 Figure 2 of the accompanying Drawings. 

15. A method as claimed in Claim 9 and substan- 
tially as hereinbefore described with reference to 
Figure 2 of the accompanying Drawings. 

55 New claims or amendments to claims filed on 
25 Feb. 1981 
Superseded claims 1 
New or amended claims :- 

60 1. Apparatus for treating a hot exhaust gas stream 
carrying combustible particulate matter, comprising 
at least one filter element 17 having a reaction 
chamber 24 with an inlet port 28 communicating 
with a source 1 8 of exhaust gas, and a main filter bed 

65 19 positioned in said reaction chamber 24, which 
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comprises 

a pre-filter bed 19a disposed upstream of said 
main bed 19, and containing a catalytic medium, 

an injection metering apparatus 31 having an inlet 
70 32 communicating with a source of a combustible 
fluid, and having a discharge port 33 communicating 
with said pre-filter bed 19a, and 

injection control means 36 controllably connected 
to said injection metering apparatus 31 and operable 
75 to actuate the latter at spaced time intervals to inject 
an amount of combustible fluid into said pre-filter 
bed 19a. 
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